[Abstract] The free-living soil nematode Caenorhabditis elegans has become an iconic experimental model animal in biology. This transparent animal can be easily imaged using optical microscopy to visualise its organs, tissues, single cells and subcellular events. The epicuticle of C. elegans nematodes has been studied at nanoscale using transmission and scanning (SEM) electron microscopies. As a result, imaging artefacts can appear due to embedding the worms into resins or coating the worms with a conductive gold layer. In addition, fixation and contrasting may also damage the cuticle. Conventional tapping mode atomic force microscopy (AFM) can be applied to image the cuticle of the dried nematodes in air, however this approach also suffers from imaging defects. Ideally, the nematodes should be imaged under conditions resembling their natural environment. Recently, we reported the use of PeakForce Tapping AFM mode for the successful visualisation and numerical characterisation of C. elegans nematode cuticle both in air and in liquid (Fakhrullina et al., 2017) . We imaged the principal nematode surface structures and characterised mechanical properties of the cuticle. This protocol provides the detailed description of AFM imaging of liquid-immersed C. elegans nematodes using PeakForce Tapping atomic force microscopy.
Procedure
A. Fabrication of layer-by-layer (LbL) polyelectrolyte coated glass substrates 1. Prepare 5 mg ml -1 aqueous solutions of PAH and PSS polymers (5 ml each).
2. Drop 50 µl of PAH solution onto the central part of a dust-free glass slide, incubate for 20 min in a humidified chamber (any tightly closed glass or plastic container with moist cotton pad might be used to prevent the premature evaporation), wash several times with water.
3. Repeat the same using PSS solution.
4. Repeat steps A2 and A3 until the resulting coating architecture is (PAH/PSS)12PAH (12 consecutive PAH/PSS bilayers followed by a final PAH layer). The outmost polyelectrolyte should be PAH to ensure the positive charge of the deposited film. More information on fabrication of LbL films can be found elsewhere (Lvov et al., 1995) .
B. Caenorhabditis elegans nematodes cultivation 1. Cultivate wild type C. elegans (N2 Bristol) nematodes on NGM-supplemented agar plates at 20 °C using a thermostated shaker according to a standard protocol (Brenner, 1974) . Use
Escherichia coli OP50 bacteria to feed worms. Observe the animals using a stereomicroscope after 48 h to detect gravid nematodes.
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Dissolve the animals using aqueous 2% NaOCl/0.45 M NaOH solution (4.5 ml) to obtain nematode eggs. Wash the eggs with M9 buffer several times, then collect by centrifugation as described above and place onto the sterile NGM agar plates.
3. Cultivate the nematodes at 20 °C to obtain synchronised adult hermaphrodites. Alternatively, cultivate the worms for shorter time to obtain larvae animals (Brenner, 1974 ).
4. Collect the nematodes as described in step B2. Euthanise the collected worms with 45 mM aqueous levamisole hydrochloride. Wash consequently with water. 2. AFM should be initiated before the sample is ready for imaging (see below). Ideally, these steps should be performed at the same time.
3. Switch on the microscope and the operating software. D. Atomic force microscopy imaging 1. Place a droplet (100 µl) of water-suspended fixated nematodes onto the LbL-coated glass slides.
2. Wait 30 min for settling and attaching the animals to the LbL polyelectrolyte film.
3. Remove the excess water from the glass surface by pipetting, then wash the slide with water 3 times to remove any loosely immobilised worms.
4. Add 200 µl of water on the top of the LbL-deposited film retaining the worms. The adhesion of the animals to the glass slide can be checked using a stereomicroscope prior to AFM imaging.
5. Secure the glass slide on the microscope stage using vacuum suction. This should be done with due care to avoid removing the liquid from the glass slide.
6. Locate a worm using the internal AFM optical camera. The worms will appear on the computer screen connected to the AFM internal camera as they would be seen under a stereomicroscope (Figure 1 ).
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7. Position the probe above a certain area of the worm (i.e., head, tail or body regions). 3-D rendering of height sensor data with peak force error data overlayed.
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12. For statistically-significant quantitative evaluation examine 5-10 individual randomly selected nematodes.
E. Atomic force microscopy raw data processing 1. Export raw data files to NanoScope Analysis software.
2. Open a file, then flatten the image using 3 d flattening order.
3. Adjust colour scale using 'Color Bar Scale Relative to Minimum Data Cursor' function.
4. Export high-resolution tiff files using Journal Quality Export function.
5. For advanced image processing and nanomechanical characterisation refer to the NanoScope Analysis software operation manual.
Recipes

M9 buffer 22 mM KH2PO4
42 mM Na2HPO4 85.5 mM NaCl
